The most important evolutionary discovery of Charles Darwin was probably the identification 4 0 of natural selection (Darwin, 1860) . This process offers the explanation of the origin and accumulation 4 1 of adaptive, often functionally and structurally complex, characters in organisms. These characters 4 2 enable organisms to effectively and often sophisticatedly react to the selective pressures of their 4 3 environment, use its resources, and avoid its detrimental forces. Despite all of this, these adaptations 4 4 that enable survival and successful reproduction of organisms in complex and changing environments 4 5 originated through the "primitive" method of trial and error, i.e., without the intervention of any 4 6 sentient being or existence of a preliminary plan. 4 7
Explanations and solutions based on the principle of natural selection were applied in a 4 8 number of less stable entities will constantly decline, but never reach zero because of the constant 1 4 0 share of unstable variants among newly arriving snowflakes 2 . In a closed system, e.g. during the 1 4 1 evolution of our universe after the Big Bang with a limited amount of matter available to form space 1 4 2 objects, or during memetic evolution of some exclusive religious beliefs that is limited by the number 1 4 3 of members of society, more stable entities will gradually replace less stable entities (space objects or 1 4 4 memes). The same applies to selection. In an open system, e.g. an exponentially growing unlimited 1 4 5 population, the number of individuals better adapted to their environment will gradually grow, but 1 4 6 worse adapted individuals will remain in the system too. In a closed system, e.g. in a chemostat or a 1 4 7 turbidostat (Flegr, 1997), worse adapted individuals with lower speed or effectiveness of reproduction 1 4 8 independently by means of natural selection (Fernald, 2000) . It is, however, very unlikely that such a 2 7 2 complex organ would evolve solely by means of SBS. 2 7 3
In spite of lower efficiency of SBS, a certain category of adaptations that we see in modern 2 7 4 organisms probably originated by means of SBS rather than selection. However, these can only be 2 7 5 characters that originated by one or two changes, not a long chain of consequential changes that would 2 7 6 continuously elaborate a certain function. An important source of adaptations that increase the stability 2 7 7 of sorted entities (e.g. individuals in natural, i.e. intraspecific, selection or evolutionary lineages in 2 7 8 species selection) are preadaptations. Such characters evolved by means of selection as adaptations to 2 7 9 a certain function, but later turned out to be advantageous in terms of stability and thus spread and 2 8 0 prevailed by the means of SBS. SBS works as a sieve that selects characters contributing to the long-2 8 1 term stability of entities that constitute the system and also the system itself (Doolittle, 2014). An 2 8 2 example of such a character may be obligate sexuality (Davison, 1998; Flegr, 2008 Flegr, , 2010 Flegr, , 2013 and not being capable of re-adaptation to original (or any other) conditions fast enough. This could 2 9 0 even lead to their extinction. Sexual species, on the other hand, adapt to transient environmental 2 9 1 changes only imperfectly, and constantly maintain high genetic polymorphism (including currently 2 9 2 disadvantageous alleles) because of the effects of genetic epistasis and pleiotropy in conjunction with 2 9 3 frequency dependent selection. Therefore, they are always able to quickly re-adapt by the changes of 2 9 4 allelic frequency (Williams, 1975, pp. 145-146, 149-154, 169; Flegr, 2008 Flegr, , 2010 Flegr, , 2013 . From the 2 9 5 4 The so called "reparation theories" are only one of many concepts proposed for the origin of sexual reproduction. See e.g. Birdsell and Wills (2003) for other proposed theories of the origin of sexual reproduction. However, the vast majority of them assumes that original purpose of sexual reproduction and the reasons of its subsequent spread and long-term maintenance differ. perspective of individual selection, sexuality is, accompanied by the two-fold cost of meiosis, two-fold 2 9 6 cost of sex and other handicaps of its holders (Lehtonen et al., 2012), disadvantageous. From the 2 9 7 perspective of species selection-in this case the lower probability of extinction of species in 2 9 8 heterogeneous environment-it is highly advantageous. However, species selection is weaker and 2 9 9 cannot act against individual one. From the perspective of SBS, it is highly advantageous as well; 3 0 0 species and lineages that reverse to asexual reproduction are sorted out, i.e., perish, those that cannot 3 0 1 reverse to asexual reproduction for any reason accumulate, and by this mechanism sexuality might 3 0 2 spread and prevail. 3 0 3 SBS cannot gradually generate such spectacular adaptations as, e.g., chamber eye, yet it 3 0 4 always has the final word in evolution and is even able to completely reverse the course of evolution 3 0 5 driven mostly by selection. For example, the human brain and consciousness are undeniably one of the 3 0 6 most remarkable characters among terrestrial organisms. However, it is possible that this brain that 3 0 7 enabled humans to dominate the Earth and establish a multi-billion population may also be the reason 3 0 8 of our early extinction, either by the means of catastrophic warfare, failed physical or biological 3 0 9 experiment or "prosaic" severe viral infection that could spread only in a sufficiently dense and 3 1 0 interconnected population. From the macroevolutionary point of view, humans may be easily outlived 3 1 1 by species in which some ontogenetic constraints in the role of preadaptation prevented the evolution 3 1 2 of a sufficiently efficient brain. 3 1 3
Selection is opportunistic. It would beat seemingly "forward planning" SBS in a stable 3 1 4 environment (see e.g. Ray, 1993 Ray, , 1997 Thearling and Ray, 1994, 1996; Ray and Hart, 1998) . 3 1 5
However, in a changing environment, i.e., under the realistic conditions of Earth's surface, it is 3 1 6 otherwise. Selection does not "plan in advance" and thus is only able to improve the adaptation of 3 1 7 organisms on the current conditions regardless of the risk of impairing their future chances of survival, 3 1 8
including the risk of extinction of the whole species. Considering the "adaptive landscape" (Wright, 3 1 9 1932), species and populations are able to move only in the upward direction under normal conditions 3 2 0 and thus are able to occupy only local, not global, optima. Descending a little and then ascending on 3 2 1 another slope for the occupation of a higher peak in the adaptive landscape would not be possible 3 2 2 under the normal regime of selection. Mutants that descend have lower fitness and they or their 3 2 3 offspring are removed from the population before accumulating other mutations, reaching the "bottom 3 2 4 of the valley" and starting to ascend on another slope. On the other hand, SBS does not have such a 3 2 5 limitation and is subject to much less opportunism 5 . In the case that a certain adaptation (e.g. a certain 3 2 6 pattern of altruistic behaviour) decreases the chance of survival of an individual or slows down its 3 2 7
reproduction, yet simultaneously enhances the chances of survival of the population of the individual's 3 2 8 species, those (probably rare) populations and species in which the adaptation prevailed would prosper 3 2 9
and survive in the long term. 3 3 0
In most species and within them in most populations, individual selection would act against 3 3 1 these tendencies and prefer mutants that lose the individually disadvantageous character. However, 3 3 2 populations and species that are preadapted with safeguards against such reverse changes would 3 3 3 prevail in the end. Returning to the previous example, such safeguard against the reversal of asexual 3 3 4 reproduction may be for example mammalian genomic imprinting that significantly reduces the 3 3 5 chance of successful transition to asexual reproduction (Bartolomei and Tilghman, 1997). This and all 3 3 6 similar safeguards originated as preadaptations, i.e., adaptations for another purpose, or as spandrels, 3 3 7
i.e., characters without any function formed purely as the consequence of topological, physical, 3 3 8 biochemical or ontogenetic constraints (see e.g. Gould, 2002) . Many species presumably did not have 3 3 9 any such safeguards, but we don't see them today because they lost to their counterparts in the process 3 4 0 of SBS. Rare extremes are usually more important than average values both in intraspecific and 3 4 1 interspecific evolution (see e.g. Dobzhansky, 1964 , or Williams, 1975 . Winner usually "takes all". 3 4 2
The fact that the vast majority of populations do not have safeguards and are dominated by selfish 3 4 3 individuals means nothing if a safeguard is present in at least some populations. It would be the 3 4 4 populations that bear the safeguard that would determine the evolution of a studied species. Similarly, 3 4 5 5 A certain degree of opportunism can manifest only in SBS ongoing in a closed system. Stable entities that are resistant to current effects of environment, or effects that do not actually affect the system but happen relatively often, could prevail there. In closed systems, this precludes the occurrence of entities that would be more resistant to another, possibly much stronger, effect of environment that happens much less often. On the other hand, SBS ongoing in open systems is not opportunistic at all. Ultimately stable entities always prevail there in the long term.
if there happens to be a safeguard against the loss of sexuality or altruistic behaviour in certain species 3 4 6 that is absent in the vast majority of others, we will meet only the species with such a safeguard and 3 4 7 their descendants in the long term. SBS is much more widespread than selection. However, in the reign of biological evolution, 3 5 2 and especially in the processes operating on the human (ecological to microevolutionary) timescale, its 3 5 3 significance is obscured by spectacularly manifesting natural selection. SBS is thus encountered 3 5 4 especially in phenomena whose origin, establishment or maintenance wasn't convincingly explained 3 5 5 by natural selection yet. Such products of SBS may be, for example, sexuality mentioned in section 3 5 6 2.2 or some types of altruistic behaviour, including restrictions on individual reproduction under the 3 5 7 risk of overpopulation that were widely discussed in the past (Dawkins, 1976; Wilson, 1983; Wynne-3 5 8
Edwards, 1986; Leigh, 2010). The usual assumption is that individuals that "voluntarily" reduce the 3 5 9
speed of their reproduction would be displaced by selfish mutants (i.e., eliminated by selection). The 3 6 0 whole phenomenon is interpreted not as an evolutionary adaptation that increases the long-term 3 6 1 success of populations, but as an individual adaptation that enables the individual to save its resources 3 6 2 in the situation of high offspring mortality. The proximate reasons for this phenomenon are also being 3 6 3 emphasized, e.g. territoriality, social hierarchy, or that individuals in too dense a population disturb 3 6 4 each other, reducing the success of each other's reproduction (Wynne-Edwards, 1986). However, 3 6 5 these proximate reasons may act as the safeguards described in section 2.2 that enables certain 3 6 6 populations not to be dominated by selfish individuals, which are able to reproduce regardless of the 3 6 7 risk of overpopulation. The existence of a safeguard, e.g. the population density-dependent ability "to 3 6 8 be disturbed" by nearby individuals, might give the species a chance to overcome the risks of fatal 3 6 9 overpopulation and thus give it the decisive advantage in SBS. Species without this or some similar 3 7 0 safeguard were more susceptible to extinction and thus we do not meet them today. 3 7 1 Doolittle (2014) suggested that another product of the process that we call SBS may be 3 7 2 widespread and often intensive horizontal gene transfer (HGT). According to this author, it may 3 7 3 significantly accelerate the adaptations of (especially prokaryotic) organisms to environmental 3 7 4 stressors. Such acceleration is probably advantageous in two ways: in terms of individual selection in 3 7 5 the short to medium-term and, as will be shown in section 3.1.3, in the long-term because of the 3 7 6 gradual stabilisation of environmental conditions (Markoš, 1995; Doolittle, 2014) . In a similar way to 3 7 7 sexual reproduction mentioned in section 2.2, the original purpose of HGT was probably completely 3 7 8 different (it probably served for horizontal spread of selfish genetic elements, see e.g. Redfield, 2001 ). 3 7 9
However, species and lineages that evolved safeguards against the loss of ability to undergo HGTs to the phenomenon of evolutionary stasis, or the punctuated pattern of evolution of (especially) sexual examples on pp. 822-874). As was already mentioned, sexual reproduction spread and is still 3 9 7 maintained by means of SBS-it helps to maintain high genetic polymorphism, prevents opportunistic Gould (1972) 6 . This is in accordance with Sheldon's (1996) theory Plus ça change that highlights the 4 1 1 difference between paleobiological evolutionary patterns of species of changeable environments 4 1 2 (punctuated evolution) and species of stable environments (gradual evolution). The difference between 4 1 3 these "generalists and specialists in geological timescale" may stem from the presence, or absence, of 4 1 4 sexual reproduction. 4 1 5
The very prominent and almost universal pattern of macroevolutionary processes is also a 4 1 6 non-monotonous change in disparity, i.e., morphological and functional variability (e.g. in the number 4 1 7 of body plans), in the course of the evolution of particular evolutionary lineages, or more precisely, 4 1 8 particular taxa. Every clade of an evolutionary tree originates in a speciation event and initially 4 1 9 contains a single species. Thus, it has minimal diversity (number of species) and minimal disparity at 4 2 0 the beginning. The number of species and morphological and functional diversity then grow in the 4 2 1 6 Several alternative hypotheses for the conditions under which species in the state of evolutionary stasis may start to irreversibly respond on selective pressures were suggested already by Eldredge and Gould (1972) . However, the transition between the "plastic" and "elastic" phase of the species' evolution is probably most thoroughly described by Frozen Plasticity Theory, see e.g. Flegr (1998, 2008, 2010) . All types of punctuationalistic theories of evolution and proposed conditions for the above-mentioned transition were comprehensively summarized by Flegr (2013). course of the evolution of a lineage, as do the number of different phenotypically distinct clades and 4 2 2 number of higher taxa described by paleotaxonomists within the original evolutionary lineage. 2002), i.e., higher susceptibility to extinction in many isolated lineages of higher taxa that survived 4 4 0 mass extinction, may also be a manifestation of the same process. It is probable that these lineages are The gradual macroevolutionary freezing of individual traits is almost certainly not just 4 6 6 taxonomic artefact caused by the subjectivity of our view from the recent perspective and the way 4 6 7 paleotaxonomists delimit taxa of higher and lower level (older combinations of characters delimit 4 6 8 higher taxa and vice versa). Freezing of individual traits in the course of macroevolution is a real 4 6 9 phenomenon that is observed even on the intraspecific level. On this level, it was first described by 4 7 0
Italian zoologist Daniele Rosa, and is known as Rosa's rule today (Rosa, 1899) . For example, with at least one intraspecifically polymorphic morphological character decreased from 75% in middle 4 7 6
Cambrian to 8% in late Cambrian. After the subsequent rise to 40% in early Ordovician, it just more or 4 7 7 less monotonically decreased until middle Devonian. At that time, the intraspecific polymorphism 4 7 8 vanished completely, not to show again until the extinction of taxon at the end of Permian. The 4 7 9 temporal pattern in proportion of characters coded as intraspecifically polymorphic is even more 4 8 0 striking, declining from a median of 2,8% and 3,6% in middle and late Cambrian to a median of 0% in and frequency-dependent effect on fitness (Flegr, 2008 (Flegr, , 2010 (Flegr, , 2013 . In the initial phase of the 4 9 4 evolution of a certain taxon, a large part of the characters of its members are easily changeable, a 4 9 5 smaller part harder and only a small fraction, probably those that the members of the taxon inherited 4 9 6 from their evolutionary ancestors, not at all or to a very limited extent. Individual characters change in 4 9 7 the course of the taxon's evolution, even in terms of their variability and evolvability. Traits that are 4 9 8 able to change easily and distinctly under proper selective pressures appear and disappear, whereas 4 9 9 stable traits persist and accumulate in the taxon. More and more traits irreversibly freeze by means of 5 0 0 this sorting, both on the intraspecific and interspecific level. Intraspecific variability is decreasing in a 5 0 1 growing fraction of traits. The disparity of the whole taxon is decreasing because old evolutionary 5 0 2 1 lineages of the taxon slowly die out and newly originating species can be distinguished from the 5 0 3 original species only to a limited degree in a small and constantly decreasing number of traits. 5 0 4
Organisms, or their evolutionary lineages, may theoretically avoid irreversible 5 0 5 macroevolutionary freezing through species selection (Stanley, 1979) . Competition for the highest rate 5 0 6 of speciation and lowest rate of extinction should theoretically ensure that the lineages with the highest 5 0 7
(remaining) evolvability prevail in the long-term. However, SBS, whose manifestation is also 5 0 8 macroevolutionary freezing, probably cannot be reversed by species selection, i.e., sorting on the basis 5 0 9
of dynamic stability at the species level. Irreversible macroevolutionary freezing is a ratchet-like 5 1 0 process that continuously accumulates stable characters and traits in all lineages simultaneously. It 5 1 1 cannot be ruled out that certain new species may rarely acquire a unique combination of characters 5 1 2 that was not sorted on the basis of stability yet, which would probably mostly accompany its transition 5 1 3 to a completely different environment or the adoption of a new ecological strategy. A certain 5 1 4 seemingly irreversibly frozen character, or combination of characters, may also exceptionally "thaw" 5 1 5
in the course of the evolution of a lineage and start to respond to selection again. Both these events 5 1 6 might stand on the beginning of the evolution of birds whose common ancestor conjoined several other words, a climax community may be a polar growth of lichens, as well as a tropical rainforest).
3 6
Ecological succession is a multidimensional process and takes place on many levels. It may even lead 5 3 7 to significant changes in abiotic conditions of the environment. However, it always follows the rules 5 3 8 of SBS. Individual species are sorted based on their persistence in the context of a dynamically 5 3 9 changing community. An important component of this persistence is their current ecological success. 5 4 0
In the long-term, however, their contribution to the stability of the ecosystem is much more important 5 4 1 (Bardeen, 2009). This contribution need not be active and need not be paid at the expense of 5 4 2 individual fitness (such a system could be extremely easily invaded by selfish entities). It is, rather, 5 4 3 based on the species' ecosystem function, its by-products and side effects-safeguards on the 5 4 4 ecosystem level. Species that unidirectionally change the environment towards the conditions 5 4 5 suboptimal for them disappear, whereas species that are incorporated in various negative feedback 5 4 6 loops that maintain conditions favourable for them persist. Thus, an ecosystem at an advanced stage of 5 4 7 development is usually able to compensate (at least to some degree) for the effects of biotic and abiotic 5 4 8 environments that lead it off current balance. However, if the intensity of these effects exceeds a 5 4 9
certain threshold, the ecosystem may, sometimes profoundly, change (e.g. after distortion of the Taking into account the plethora of factors of biotic and abiotic environments that affect terrestrial organisms, it is better to consider the concept of climax as depicted here a simplification; a mobile attractor at best, towards which all ecosystems are usually heading but almost never reach. This, however, does not contradict the general tendency of ecosystems to evolve towards a stable climax stage, i.e., the accumulation of species that maintain stable conditions for their survival in the context of other biotic and abiotic factors.
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